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Abstract

Fires, both devastating wildfires and controlled burns, have been frequent in
King’s Park over the past thirty years, and some changes In the vegetation over
this period liave been recorded. A major one has been the spread of the South
Afriean veld grass Ehrharta calycina, aided by fires and firebreaks. The native
bush is fire adapted; none of the tree species and few of the shrubs are killed by fire.
The undergrowth Is rapidly built up again after a fire sinece most shrubs sprout
vigorously frem lignotubers or deep tap-root systems and monocotyledons make rapid
recovery from undamaged underground apiees. The few specles killed by fire, with
two exeeptions, regenerate freely from seed. Nevertheless, too frequent fires have
tended to reduce or eliminate certain spectes.

The regeneration In the first year differs with the season of the burn, spring
burns favouring shrubs and autumn burns favouring the herbacecus specles. Details
are given for the progress of fire suceession after particular burns at different seasons,
and of the response to fire of some of the more important specics.

It is concluded that In unmodified bush, control burning of small areas eould
be used effectively to maintain healthy undergrowth and a pleasing diversity. The
problem of control of vegetation has been Immenscly complicated by the presence
of veld grass and other weed specics so much morc aggressive than thelr native

counterparts and apparcntly favoured by any programme of burning.

Intraduction

Fires in cucalypt forests are of such vital
iniportance that there is an extensive literature,
most of it understandably concerned with forest
trees and to a lesser extent major understorey
speeles. The observations recorded In this paper
have, as far as possible, included all species of
the undergrowth, the vulnerability, type of
regencration and rate of recovery after fires at
different seasons.

The area concerned Is in King’s Park, Perth,
Western Australia, a reserve in which about
250 hectares is uncleared bush. An aceount of
the park with a general description of the flora
and fauna was glven by Main and Serventy
(1957). A more recent paper (Beard 1967) dis-
cussed the cuealypt woodlands comparing their
present condition with the presumed original

state.

The vegetation is a Euealyptus-Banksia-
Casuarina woodland with a dense low (30-100
em) understorey of selerophyllous shrubs and
narsh monoecotyledons (Flg. 1). It varies from
an almost pure Banksia-Casuarina woodland
through stands with Jarrah (Eucalyplus mar-
ginata) or Jarrah and Marri (E. calophylla)
as an overstorey to thc Banksia-Casuarina, to
a more open woodland with tall Tuart (E.

gomphocephala).
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Notes and photographs of the regeneration
and some measurements of rates of growth
following different fires have been made over
many years, Some permanent quadrats laid
down in 1936-40 have been remapped at intervals
for_more than 30 years. Observations have been
mainly in the south-west half of the park and
adjacent University land.

In a elimate with a cool wet winter and long
hot dry summer the fire hazard is very high,
due both to the ellinate and the highly inflam-
mable vegetation. Fires in the park have been
frequent and have occurred in all seasons. They
fall mainly Into 2 groups: devastating wildfires
in mid-summer (January-February), and mild
burns coverlng smaller areas in spring and
autumn.

The most extreme fires burn the follage and
may kill the upper branches of the trees: less
intense ones do not burn but scorch and Kkill
the leaves which fall later (Fig. 2A); the ideal
control burn leaves the eanopy even of the
small trees unharmed (Figs. 2B and 11A.). In
all fires execept those over recently burned sec-
tions the shrub layer is burnt off to ground
level, except for a few dead sticks of some of
the stronger shrubs. In severe burns the ground
surface 1s left as white sand with patehes of
ash and charcoal (Figs. 2-3). In a mild burn
only the loose litter is burnt, leaving the older
organie layer.
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Course of regeneration during the first year

Regenerations after fires of Deeember 1950,
January 1958 and January 1973 In the same area
and January 1970 in a different site are des-
eribed as typical of mid-summer fires. However,
it must be remembered that no two fires are
exactly the same, nor are the following weather
eonditions. Damage to trees was severe in all
these fires, most extreme in 1973. The state of
the trees and the ground surfaee immediately
after, or within a few wecks of the burn, are
shown in Figures 3A-D.

Growth

The flrst plants to grow are the Xanthorrioeas
(Blaeckboys) (Fig. 3). The burnt off leaves con-
tinue basal growth and new leaves appear from
the well proteeted apex. Sedges, partieularly
Tetrariopsis, grow alimost as soon from under-
ground basal extension of the burnt off leaves.
New leaves of the cyead Macrozamia appear
within a few weeks, grow extremely rapidly and
reach full length in about 4 months (Fig. 3D).

Soine of the deep-rooted shrubs sprout within
2-3 weeks of being burnt, e.g. Pcrsoonia, Juck-
sonia, Daviesia (4 species), Leucopogon, Stir-
lingia, Scaevola, Pctrophile and Hardenbergia
(a elimber) and some others, e.g. Hibbertia,
Ozxylobium, less vigorously. All these show as
isolated tufts in the extenslve arcas of bare
ground (Figs. 3 and 4). Figures 3A, B, C, D, all
show the regeneratlon before the winter rains.
The soil is exposed to the full heat of the sum-
mer sun to be followed by the batterlng and
leaching of the heavy winter rain.

Shortly after the commencement of the
effectlve winter rains there is a sudden flush of
growth of herbaceous plants. First are the geo-
phytes, Burchardia nmbellata, Sowerbaca, Caesia,
Eryngium, Droscra spp. and orehids. Annual
weeds genuninate quiekly and are very con-
spieuous at this stage in disturbed areas, being
more vigorous than the native annuals, whieh
also germinate, but more slowly. Of thesz,
Calandrinia corrigioloides and, to a lesser extent
C. liniflora, are very abundant although rarely
seen in unburnt areas.

The winter raln also inereases the growth of
the shrubs. New growth appears on plants whieh
had started before rain, In many eases, partieu-
larly Scaevola and Kennedia, this winter growth
has mueh larger leaves than those produeed in
the summer. New clusters of shoots appe&r above
ground on plants which had made little or no
growth hefore the rain. Those speeies whieh
normally grow malnly In winter, c.g. Phyllan-
thus, Hybanthus, now grow rapidly, whlle others
grow slowly until the spring warmnth. Seedlings
of trees and shrubs also appear soon after the
rains. At this stage the ‘patchiness’ of the
ground eover is very nhotieeable. Many species
are very uncvenly distributed, and the total
shivub eover varies greatly from plaece to plaee.

Flowering

The flowering of herbaceous speeies follows
the same progressive seasonal pattern after fire
as in unburnt bush, e.g. Drosera erythirorrhiza
in May, other species later; Lomandra preissii
very soon after rain followed by L. micrantha
and L. cndlicherana. Orehids come into flower
from May to November, eaeh speeies having a
short flowering perlod. Caladenia flava, one of
the eommonest, is illustrated (Fig. 4A). The
greatest show of herbs is in spring and early
summer, with Burchardia, the most widespread
and abundant speeiecs (Fig. 5B} and other
liliaeeous speeles. Annuals on the average flower
later than the geophytes but again there is a
sequenee of flowering, ¢.g. in the eomposites the
order is Podolepis, Podothceca (Fig. 4C) and
Waitzia.

By far the most conspieuous speeies in
Oetober-November, is the annual grass Stipa
compressa with its long golden awns (Fig. 4D).
It dominates the burnt areas, obseuring the lower
shrub regrowth. The tall white flowering spikes
of Xanthorrhoca projeet above this sea of grass
and the dark brown infloresecences of the two
speeles of Hacmodorum show up against the
pale grass (Fig. 3F). Both Xanthorrhoea and
Hacmodorum flower profusely after fire but very
rarely in unburnt bush.

Most of the eommon shrubs, e.g. Daviesia,
Hibbertia, Ozxylobium, Hovea, Hypocalymma,
Leucopogon and Stirlingia, do not usually flower
in the first season after a late or mld-summer
burn. None were seen in flower in the sites
burnt in 1973. However, some ecarly-bloomlng
species do flower in the first year—notably
Scaevola canescens which flowers from May on-
wards, even on 5-7Tem of regrowth. In early
spring the ereepers Hardenbergia and Kennedia,
and some of the small herbaceous perennials,
e.g. Hybanthus and Monotaxis, are in flower.

In general, flowering for sprouting shrubs is
particularly good in the seeond and third years
after fire. In September to October 1974, flower-
ing was spectaeular in the less weedy parts of
a January 1973 burn, after two above-average
rainfall winters and a virtual absence of tree
eanopy. Kangaroo paws have many times been
noted as particularly abundant in the third and
fourth years when new seedlings from the fire
are flowerlng. The surviving old plants bloom
in their first season of regrowth.

In the Tuart areas the eourse of the regenera-
tion is similar to that deseribed above for
Jarrah-Banksia communities, although there are
some different speeies (see speecies list) and in
general a more herbaceous undergrowth. The
eommon Daviesia spp. are alimost absent. Macro-
zamia is far more common. Of the species almost
eonflned to the ™Tuart, Clematis, Rhagodia,
Scaevola holoscricea and the thoroughly natur-
alised South Afriean Pelargonium capitatum all

Flgure 1.—Types of vegetatlon. A—Typical Banksla—Casuarina woodland with dense low shrub undergrowth;
Acacia pulchelle in flower; August 1960. B.—Tuart With Grevillea vestita in flower, C.-——Tuart wlth veld grass;

Dryandre in right hand corner.
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make good regrowth. The tall shrubs Conosper-
mum iriplinervium, Dryandra Ssessilis and
Grevillea crithmifolia are killed by fire whereas
Grevillea vestita suekers freely from horizontal
roots.

The fireweed distinetive of the Tuart assoeia-
tion is the tall, semi-herbaecous Anthoeercis
littorca (Solanaeeac). It is kllled but scedlings
are numetrous and grow rapidly, reaching 1-2m
and flowerlng within a yvear of the fire.

Where a fallen trec trunk has burnt to ash
a small orange diseomycete fungus appears in
the first year followed by Funaria hygromctriea
fruiting in the seeond year. Exuberant growth
of Funaria on burnt ground is a well-known
phenomenon in many molster elimates, but it is
interesting that it also oeeurs in thls habitat
not partieularly favourable to mosses.

Season of burn

Barly regrowth after fires dlffers markedly
with the season of burns; in general spring
burns favour shrubs and autumn burns favour
herbaeeous plants.

Burns in Mareh 19852 (Flg. 5), and Mareh
1956 and 1957, will serve as examples of autumn
burns in Jarrah woodlands. As with any fire,
blaekboys and sedges were the first to grow,
lNttle else appearing before the first ralns, whieh
were followed by a flush of herbaeeous shoots.
There was also some sprouting of shrubs through
May and June. These shoots mostly remained
short until the warmer weather in spring, and
did not flower until the following year. An excep-
tion was the winter growing Phyllanthus, whieh
grew rapidly and reached flowering in August of
the first year. Through winter the hierbaeeous
geophytes, Burchardia, Arthropodium, Caecsia,
Sowerbaca, with the sedges and the smaller
annuals, formed the butk of the ground eover
with the short shrub shoots more or less
obseured. Figures 5A, B and C show ths same
slte burnt in Mareh 1952—A. 2 days after the
fire, B. Burehardia in flower In September, and
C. Stipa In fiower in Qetober. Podothcca (Flg.
4C)» and other smaller annuals were also
abundant. Equally spzetaenlar displays of
Burchardia and of annuals later, oeeurred after
fires in other areas in Mareh 1957.

Spring to early summer fires result in rapld
and vigorous shrub growth whieh, with cqually
rapid growth of blackboys and other fibrous
monoeotyledons, goes far to restore the under-
growth hefore the late summer drought. The
effeets of several eontrol burns in early Novem-
ber have been watehed and measurenients
reeorded of average rates of growth of several
of the eommon sprouting speeies. In all sltes
regrowth was very good, shoots of shrubs show-
ing within 3-6 weeks of the fire, growing rapidly
and eontinuing later into the summer than is
normal for unburnt plants. Shrub regrowth was
advaneed enough for flowerlng in following

winter to spring of Daviesia spp., Hibberlia spp.,
Ozylobium, Stirlingia and others whieh do not
flower until the sceond season after an autumn
burn. Figure 5E shows the same site as Figure
5B and at the same time of year but after
another fire in early summer. Figure 2B shows
regrowth of shrubs in June after a November
burn and also illustrates the trees with even low
branehes undamaged and tall shrubs (Jack-
sonia) unburnt. This was an ideal eontrol burn
although the fire hazard had heen hlgh; mini-
mum damage was done and only the loose
surfaee litter was eonsumed. This may be eom-
pared with econditlons after the wildfire of 1973
(Fig, 3). Flgure 11A shows regrowth after an-
other mild early summer fire.

A spring burn followed by enough rain to
germinate seeds may result in seedling death
over summer as there is not time enough for
the tap root to penetrate deeply before the dry
season. An example of this was recorded in 1949
where of numerous seedlings of Aeaeia puichella,
whieh grew after an Oetober fire, not one sur-
vived the summer. In an adjaeent quadrat
burnt in January seeds did not germlnate until
May and after growing through the winter and
spring were safely established before summer.
The inerease of the Acacia here was from 3
plants before to 69 after the fire. For annuals
a fire before the plants have set seed reduees
the seed avallable for next season. Winter and
early spring fires damage geophytes when
foliage is burnt off after the new growth has
depleted storage organs. One June burn resulted
in very poor flowering of Burchardia eompaved
to adjaeent unburnt bush, and In marked con-
trast to the rleh flowering after aiutumn burns.

It must be emphasised that although autumn
burns undoubtedly favour herbaeeous plants they
are not neeessarily unfavourable to shrubs. In
faet, in the absence of eompetltion from veld
grass, the slower early leafy growth and delayed
flowering may eventually result in a sturdier
plant.

Continuing regrowth

For the first 2 or 3 years after a fire shrubs
are ereet and vigorous with a variable amount
of bare ground betwecen them. As lateral braneh-
ing inereases the plants spread and beeome
straggly: the shrubs overlap eaeh other and the
asseeiated spreading fibrous monoeotyledons.

The general vegetation level is restored early
and ehanges very llttle, but the density of eover
inereases as branehes multiply and new shoots
grow from ground level. Certainly tall shrub
speeies regenerating from seed in the lower
layers eventually grow tall and projeet above
the general level, but as these shrubs tend to
eeeur in thiekets in restrieted loealities they do
not invalidate the pieture of a predominantly
uniform low level of undergrowth.

Flgure 2.—A.—Photo takeu the day followlng a fire in February 1959, The fire dld not go through the canopy but
the leaves were scorched and fell later. The old tree In the centre was burnt through and was still smould-
ering, fresh white ash in foreground. This is part of the stand referred to In Table 1. B.—A mlld control
burn: even tall shrubs and lower branches of trees not burnt. Photo May 1953 six months after the fire In

November 1952, Shrub regrowth well established.
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Samples of bush at different intervals after
fires are shown In Figures 6A-F.

_ With age the percentage of dead wood
increases, and leaf and twig litter from trees
accumulates and tends to cover the shrubs. After
about 10 years, or sometimes less, Daviesia spp.
in particular and also Petrophilc lincaris and
Conostephium pendulum show definite signs of
deterioration, and become infected with scale
insects and sooty mould. Stirlingia, so strikingly
vigorous in its growth and flowering after fire,
becomes an inconspicuous component, non-
flowering and with stem increments and leaf
size steadily diminishing so that old plants have
small tufts of leaves on long stems which tend
to become prostrate. Hibbertia and Oxylobium,
on the other hand, continuc to grow and fiower,
although in somewhat tangled mats. Acacia
pulchella, with its single main stem, continues
to grow well and flower profusely for 8-10 years,
but over subsequent years many plants begin

to die. The smaller Gompholobium suffers a
similar fate.

In stands not burnt {or 20 years or more, there
is a real suppression of the undergrowth and a
heavy build-up of leaf and twig litter (Fig. 6D).
Nevertheless, few plants arc killed and some
grow with only the tips of long trailing stems
showing through the dccp litter. The quite
small plant, Monotaxis, is one of thesc. Hib-
bertia, Hovea, Pimelca, Conostephium and others
continuc to grow and flower unless totally
smothered by Casuarina litter. The greenhood
orchids, particularly the tall handsome Ptero-
stylis recurva, arc always at their best in long
unburnt areas with deep organic matter. One
small area whlch had escaped fire for at least
60 years and in which several fre-sensitive
specics were persisting has, unfortunately, been
absorbed into a developed area.

Long tcrm effects of repeated fires

These include progresslve damage to trees,
soil deterioration, reduction or elimination of
wcakly regenerating species and increase in
weed species. Benefits of periodic burning in-
clude rcinoval of senile and discased branches,
destruction of insect and fungus pests, rejuven-
ation of sprouting shrubs many of which scem
to require periodic burning for healthy growth
and fiowering, and production of new crops of
some short-lived shrubs which need fires for
renewal from seed. The balance between good
and bad effects depends on the extent, severity
and {requency of fires, and because of the differ-
ing responses of different species there is no
absolute optimum.

The greater damage by severe and cxtensive
wildfires than by small mild burns needs no re-
statement. Irreparable damage to trees where

fire has eaten into the heartwood or killed main
branches is obviously more llkely in wildfires,
as is destruction of organic matter in the soil.
In the park most of the common spccies survive
the wildfires and make vigorous growth and
flower profusely after mild or severe burns. The
undergrowth may, in fact, benefit initially from
the reduced transpiration and grcater light
where the tree canopy has becen destroyed, but
in the long term, with repeated fires, loss of
organic matter and exccssive leaching of the
soil probably has a deleterlous effect, particu-
larly on the smaller species. Sampling in many
sites has shown, as would be cxpected, a clear
relationship between organic content of the
sandy soil and its water holding capacity which,
in the absence of organic matter (there is no
true humus), is extremely low.

Fires every year, or as often as the bush will
carry fire, are very detrimental to the under-
growth, This was seen in University land where
deterloration was cvident even before the veld
grass overran the area. Regrowth of the sprout-
ing shrubs became weaker with each sueceeding
fire and a number of the less vigorously regen-
erating shrubs died out, e.g. Hovca and Pimclea
and Phyllanthus. The flre-sensitive species,
Acacia pulchella and Gompholobium tomen-
tosum, were climinated. Dcterioration of the soil
was suggested by the abnormally small size of
many annuals and herbaccous geophytes. Th_ls
was very noticeable in Drosera species, In
Trachymecene pilosa, and in small annual grasses
and composites. An orchid, Lypcranthus nigri-
cans, recognised as onc which flowers well after
bush fires, had complectely ceased to flower,
although small lcaves appcared annually for
mnany years.

Response to fire of plants in relation to
their life form

In an attempt to includec most of the 230
species and make some generalizations—always
dangerous as every species behaves differently—
specles are grouped and discussed under life
forms.

Trees

None of the tree species is firc-sensitive, all
are capable of sprouting from c¢picormic buds
although some suffer more damage than others.
A detailed survey after a severe fire in a dense
Banksia-Casuarina stand showed that in thls
particular fire crowns of a few of the larger
trees remained more or less undamaged but
most mature trces had the leaves killed by heat
although the fire did not run through the
canopy (Fig. 2A). These sprouted up the upper
branches, as in Figure 7E. Smaller trees had t,h.e
upper branches kllled and sprouted {from epi-

Flgure 3.—These photographs all show regrowth after a fire on 16 January, 1973. A.—Soon after the fire. B, C,

D Aprll 1973, three months after the fire.

B.—

Xanthorrhoea twufts, fallen leaves, bare sand. C.—

Regrowth of Daviesia divaricata (centre and others with burnt old stems). Stirlingie (right), Schoenus grandi-
flora in front of bent stem. D.—Maerozamia and Persoonia regrowth. E.—Same slte as A onc year later, April
1974. Many Euecalypt copplee shoots, shrub regrowth partlally obseured by dry grass (Daviesia nudiflora

In front of bent tree trunk).

F.—Xanthorrhoea. Stipa eompressa and Haemodorum (2 spp): November 1973;

approxlmately the same slte as B. G —Epicorinic shoots startlng on some burnt trees; Xanthorrhoea with
blackened trunks; June. H.—Same site as G onc year later; poor reeovery of trees; veld grass on edge of

firebreak.
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cormics up the trunk as in Figure 5, while
saphings under 2 m were mostly killed to ground
level and produced coppice shoots. Many of the
smallest saplings were eompletely killed. Actual
figures recorded in part of this survey are given
in Table 1. This is probably a common pattern
in summer fires—and it has been noted in

several others also. Damage was more severe in
the January 1973 fire, examples of which are
shown in Figures 3, 7 and 11.

Casuarina fraseriana is very badly damaged;
the bark is thin and rough and easily burnt.
Most trees of this species in the park have parts
of the trunk dead and hollowed out by repeated

Flgure 4.—A—D Herbaceous specles In the first scason after firc. A.—Cualadcnia flava. Septcmber 1958, after Janu-

ary fire. Notc the hard undamaged bark of Banksia menziesii (leaves on ground).

Notc different posltions of the column (‘‘trigger”).

B.—Stulidium sehoenoidcs,

September 1870 after a Jammry fire. C.—Podothcca chry-

santha and Stipa. October 1955, after a May filre. D.— Stipa compressa with long awns and sparse Ehrharta
wlith taller panicles. October 1961 after a Dceember fire. E.—Regrowth in seccond year. Anigozanthos manglesii

(Kangaroo paw) In flower and bud In foreground. Daviesia juncea
after January. 1973 fire. F.—Regrowth of varlous shrubs.
cordatum, Stirlingia (behind with tall inflorescences),

cotyledons in foreground.

{centrc¢) and other shrubs, August 1974,
Left to right: Daviesia divaricata. Helichrysum
Ozylobium (eentre), Lcucopogon propinquus; Mono-

June 1974, after a November 1973 fire.
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fires, and poor incolnplete canopics. The trces,
howecver, cling to life very persistently and will

very many years as there is no hecalthy crown to
shade out lowcr branches and eliminate weak

saplings, as would normally occur in over-
crowded stands. Hence flowering undergrowth
speeies and healthy seedling trees are suppressed
and the mass of branches from the ground up

survive with only strips of living tissue up the
trunk. This capacity to survive in a mutilated
condition has undesirable consequences. The
mass of shoots up the burnt trunks persists for

"N

21 |
=

B

Figure 5.—Serles taken to the same trce following a scvere fire In March 1952. A.—DMNareh, 2 days after the fire.
The scetion i the background was not burnt. B.—September, Burciiardia in fiower. C.—Qetober—Stipa com-
pressa in flower domilnating thie ground eover. D.—A year la‘er than C, November 1933. Note epleormie
shoots on Casuaring trunks, a Banksie secdllng plant Just left of forked Casuarina, dead Acacia pul-
chella (non-sprouting) extreme right corner, Briza mazima agalnst shadow left of this and absence of
Stipa compressa. E-~-—September 1955, after a second flre In November 1954, Compare with (B) September
1952. Burchardia In flower as (B) but shrub regrowith much greater, Hibbertia In fiower in foreground. The
scedling Banksia in (D) has been killed but the eopplee shoots of Banksia sapling centre have grown taller.
F.—October 1959, Veld prass now well established.
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creatcs a dangerous fire hazard. were just appearlng between the small coty-

Seedlings of Casuarina are found but thelr Jedons. By mid-August the still unbranched
occurrence seems very irregular and probably Shoots averaged 7-8cm in height, and In late
depends on the right combination of ripe seed September werc about 10-15cm with some
released, but not burnt, and suitable conditions branching. Two months later their height was
for germination. After the March 1952 fire mostly 16-20cm with considerable increase in
(illustratcd) carpets of seedlings were found the growth of thelr branches. By December their
under several old female trees. The seedlings growth had apparently ccased and some plants
were first seen in early June when slender shoots had yellowed. Over the summer a few plants

= e -

{1
!

Figure 6.—Examples of continuing regen¢ration. A.—Two years alter fire in Deecmber 1950 shrub laver re-estab-
fished, tree canopy partially restored. (Casuarina right, Banksia left.) Shrub eover mailnly Davicsia spp.,
Ozylobium, Xanthorrhoea with many smalier plants not recognisable In the photo, B.—Acacia pulehclia
in flower. September 1653, Growth from sced after December 1950 fire. C.—Same stand in the seventh year
after fire; Acacia pulehella now well above general level, teft and centre back. Jacksonia jurcellata and Bank-
sia menzicsii bothh also grown from seed after the 1950 fire. D.—Unburnt site under Casuaring, aecumulated
needles suppressing undergrowth. E.—FHibbertia In flower in the seecond year after the January 1973 fire.

F.—Unburnt for probably 12 years, at least 10 years. ifibbertia in flower in a tangle of bushes. Macro-
zamia feaves on left.

10
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Table 1

Part of an assessment of danage and recovery of trees in Banksia-Casuarina woodland, burnt Ist February, 1959, as surveyed by sturdents in July,
1959, All the trees in the trauscects, which were 1 chain wide, were counted and classified @ saplings were counted separately fronr mature trees.

Transect Species

Casuarina frascriana
Banhsia attenvaia
Casuaring fraseriana
Banhsia attenwata
Banksia menziesii

Transect 1 (7 sq. chains)

Transect 2 (12 sq, chains)

A severe burn Totuls

Transect 3 (5 sq. chains) U Casuarina fraseriana
Banksia attentuara

A mild burn Totals

died but most of them survived. In February
the root-stoeks of some of them had a slight
swelling of the hypoeotyl. Two years later a
small lignotuber, 8-10minr in diameter had
developed. By Oetober 1960 surviving plants
were still under 60em tall and lignotubers of
two dug up were only 2.5em long and 1.9em
diameter, Unfortunately a second fire in Novem-
ber 1954 had destroyed all exeept a few
isolated plants near the fire edges so there was
no chanee to see what would have happened to
sueh a dense stand of young plants. T have not
seen an equivalent mass of seedlings sinee but
similarr mass germinations from early fires may
explain thiekets of Casuaring whieh oeeur in the
park.

Banksia trees, with their very thiek, very hard
bark, suffer minimum damage to trunks of
mature trees (Fig. 4A), though saplings are
kllled to ground level. Most trees sprout along
the upper branehes (Fig. TE). Healthy shoots
grow from the lignotubers of burnt-off saplings
and seedling regeneration is good and well able
to eompensate for deaths of trees. After the
severe fire in January 1973, a very large number
of Banksia trees did not reeover, but it Is
uneertain how many were dead or dying as a
result of a long drought inereasing the usual
summer deaths. Another {aector whieh could
aceount for the high mortality in this extremely
hot fire is destruetion of the dense mat of
proteoid roots whieh oceurs elose to the surfaee
in the organie layer of the soil. Roots have been
seen exposed on badly burnt sites.

The Euealypts, E. marginata (Jarrah) and E.
calophylla (Marri), both have rough bark whieh
readily earries fire into the erown, Most of the
Jarrah trees have scars at the base of the trunk
whieh are burnt out more deeply with eaeh
sueecessive fire. This is partieularly bad where
the trees are coppiee from early eutting and
debris eolleets between elose trunks. Marrl often
does not show the extent of the damage until
3-4 yvears after the fire, when sheets of bark
are pushed off by lhealing and growth at the
side of the wound. This exposure shows how

over
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mueh of the living eambium had been killed at
the time of the fire, although the bark had not
been burnt through (Fig 7G). In all the Euea-
lypts reduetion of the erown through fire
damage makes reeovery from inseet attaek more
diffieult. Where upper limbs are killed they
remain for many years projecting above the
slowly growing branehes from epieormics lower
vl e trunk. Figures 7A, B and C show a
Jarrah tree before and aftsr a bad fire in 1973
and Figure 7D one similarly damaged in a fire
in February 1942, and photographed 18 years
later. Few really healthy Jarrah trees remain.

The even more marked deterloration of Tuart
trees in the park is due to a eomplex of faetors
of whieh fire Is only one and perhaps a minor
one, This has been disecussed by Beard (1967).

Cyead

Macrozamia, with its large store of food in
the underground (here) tuberous trunk, shows
very rapid growth of the leafy erown whieh may
be restored In one year. Cones are found, in
plants old enough to reproduee, in the seeond
vear after a fire, but with slow development to
seed-shed (about February-Mareh) and a
further year on the ground required to ripen
the sced, seedlings will not appear until the
fourth winter. Although the large seeds germin-
ate on the surfaee of the ground, the tap root
is strongly eontraetile so that the growing point
of young plants is well buried and proteeted
from fire.

Shrubs

As already reported, almost all of the shrubby
undergrowth speeies are capable of sprouting
when burnt off to ground level (Fig. 9). Of those
few whieh are killed, several are tall shrubs whieh
may reaech small tree dimensions, e.g. Dryandra
sessilis, Conospermum triplinervium, Adenanthos
cygnorum (a few eolonies only in King's Park—
favoured habitat is very poor white s=and),
Dodonea hackettiana (eonfilned to very small
area), When old enough these may survive some
fires though younger plants are kllled as are
the smaller speeies, Aeacia pulehella, Leueo-
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pogon racemulosum, Calyiriz fraseri, Pimelea
rosca and Gompholobium tomentosum. Scedling
regeneration is good for all of these except
Leucopogon and Calytriz where very few seed-
lings survive and the species are tending to
become extinct, at least in the southern half of
the park. All have the same habit characteristic
of fire-sensitive species; a single main stem
which continues into a tap root without entarge-
ment below ground. Alsc each of these species
continues to grow taller year by vear and does

not sucker from the ground as do many of the
sprouting species, even when not burnt.

The sprouting shrubs which, with the shrubby
monocot¥ledons, make up the great bulk of the
undergrowth, mostly have deep and massive
woody tap roots, e.g. Daviesia nudiflora, Oxylo-
bium capitatum (Fig. 8), in some cases enlarged
into a true lignotuber, e.g. Persoonia saccata.
Many others have somewhat similar but more
irregular and less deep and massive woody root

‘—:\

Flgure 7.—Trees. A. B and C show the same jarrah trez. A.—Photographed In 1960. B.—Soon after the severe
fire In January 1973. C.—More than a year later Aprll 1974. The upper part of the tree had not recovered,
the base of the trunks were elothed wlth epleormlc shoots. D.—A jarrah slmllarly damaged by a fire In
February 1942, and photographed November 1938, Two of the now 18 year old branches ean be scen on the
rlght slde of the tree, those on the left fork are obseured by the better follage of a sapling In front, E—A
Jess severely burnt jarrah tree Iln whileh the canopy 1s reeovering. The smaller Bankslas In the background
show slmllar sprouting In the upper branches. Burnt January 1970, photo Aprll 1970. F.—A marrl whleh was
a fine shapely tree before a fire from whleh 1t has not fully reeovered; veld grass beeame established after the
same fire, G,—The searred trunk of a marrl tree bhurnt 3 years earller and photographed when the kllled bark
had just fallen exposing the damage and growth at the edge of the sear.
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A

Figurc 8.—Root system. A.—Young plants of a specics
eapable of sproutlng (Qzylobium capitatunt) and
one whieh is kllled by fire (Gomplolobium tomen-
tosuinj. Ozylobium, even at this early stage, has a
mueh thicker and longer (broken off In specimen}
root in proportion to its top than Gompholobium.
B.—Rootstock of an old plant of Daviesia nudifiora
which has been repeatedly burnt.

systems, e.g. Bossiaca, Hibbertia, Astroloma, or
somewhat fleshy ones, as Scaevola spp., Hcli-
chrysum cordatum. Hardcnbergia, a climber with
particularly deep thick tap roots, rcgenerates
extremely rapidly and grows through the sum-
mer. Suckering from horizontal roots is not
uncommon and results in concentrations of
plants in species with this habit, e.g. Stirlingia,
Grevillca vestita, Acacia stenoptera, Macartliria
and others.

Many of these plants arc undoubtedly very
long-lived. Unfortunately there are no con-
spicuous annual rings by which to date them,
but some indication has been given in quadrats
kept under observation since 1936 or 1940
(Appendix 1). In onc quadrat laid down in 1936,
the same plants of Davicsia nudiflora, D. juncea
(1 died) Hibbertia hypericoides, Hupocalymma
robusta, are still there in 1973 (37 years), and
not very different in size. One of the observed
characteristics of unburnt shrub species is the
relatively small annual growth increments and
the death of some branches over the suinmer. In
other long-term quadrats the same plants of
Leucopogon propinquus, Pctrophile macro-
stachiya, Mesomelaena stygia and Stirlingia are
still surviving. All thesc quadrats have bheen
burnt several times during the 30 or morc years
since they were first mapped. Although Persoonia
was not in any of thesec quadrats, the size of
some lignotubers suggests that it is very long-
lived. It would he interesting to know whether
the life span of some of these shrubs equals or
exceeds that of some of the trecs.

The pattern of rcgrowth for these shrubs is
rapid growth of erect multiple shoots from a

-~
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few cm below ground level so that the plants
are almost back to their pre-fire sizec in 2 or 3
years or less. Thereafter, growth beeomes slower
and slower and flowering is reduced.

Stirlingia is rather distinetive. The vigorous
growth and abundant production of tall flower-
ing panicles makes this the dominant shrub (in
stands where it occurs) for its first flowering
after a burn (Fig. 11). In the following year 2
lateral branches grow from below the old fruit-
ing panicle and in subsequent years these con-
tinue to grow without flowering and with
decreasing stem increments and descrcasing leaf
size.

Some of the smaller semi-lhierbaeeous peren-
nials, e.g. Macarthuria, Hybanthus calycinus,
Monotlaxis grendiflora and Opcrcularia, also able
to shoot from below ground lcvel, have survived
repeated fires well although lacking massive
rootstocks. There is a zone of soft corky tissue
ahout ground level on the slender stems or roots
which may give some insulation against firc as
well as against summer soil heat.

Species which have disappeared from or have
been greatly reduced in some frequently burnt
arcas are Pimelea leucantha, Calytriz flavescens
and Cryptandra arbutiflora, These sprout weakly
but succumb to repeated fires. Phyllantlius and
Hovea have decreased in abundance in frequently
burnt areas, although both regenerate after fire
from sprouting and from seedlings. Hovca has
gone from 2 permancnt quadrats. Numerons
seedlings had become cstablished after fires
before, but not sinece the quadrats werc over-
grown by veld grass. Competition from veld
grass may be a factor in the deeline of these
two probably not particularly long-lived species.

Seedling regeneration of long-lived species
need not be frequent but is still necessary. Seed-
lings of Oxylobium, Hoveca, Davicsia nudiflora,
Jacksonia spp., Hardenbergia and Phyllanthus
are frequent and not only after fires. Hibbertia
hypericoides, one of the commonest species in
the park, produces very few seeds and seedlings
are extremely rare. In Stirlingia latifolia, which
has prolific seeding after fire, seedlings are also
very rare, but in this speeies there is highly
efficient vegetative multiplication.

Persistent cvergreen geoplytes

The harsh sedges and some of the
Xanthorrhocaceac with massive underground
parts and buried and well-sheathed growing

apices are probably the most fire-resistant plants
in the community. They are the first to show
recovery after fire and thc most persistent in
repeatedly burnt areas.

Xanthorrhoea preissii is generally accepted to
be a very slow-growing long-lived species though
there is little factual rccord. In the repeatedly
burnt Banksia woodland the plants arc mostly
tufts of leaves from the ground with little, if
any, stem above ground level. Fire damage seems
to producc multiple growing apices. How much
of the absence of tall specimens here is due to
conditions, or how much is due to cutting for
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kindllng before the park was reserved—100 years
ago—is largely spcculation. There are some
speclmens with trunks up to about 2m in the
Tuart and limestonc sections. An undisputed
fact is that burning induccs profuse flowering
(Fig. 3F) the first year after a burn. The dry
fruiting spikes persist for another year or more.

The sedges, Tetrariopsis octandrus, Mesome-
laena stygia, Lepidosperma spp., Schoenus
grandiflora, form massive clumps (particularly
below ground) wlth well-sheathed and buried
growing apices. Plants of these have pe2rsisted
in quadrats observed for 30 years or more but
no doubt live very much longcr than this. Plants
vary in slze from single tufts to clumps covering
circular areas up to 60 cm diameter. Amphipogon
turbinatus is a grass with a similar harsh bushy
habit and underground rhizomes. Rhizomatous
species of Restio and Lozxoearya are widespread
and also extremely fire-tolerant. Lomandra
species have underground growing points well
sheathed by persistent leaf bases, and
Thysanotus sparteus, a leafless inconspicuous
plant above ground, has a short thick rhizome
burled up to 6-10cm below ground level.

Herbaeeous geophytes and other perennial
species which die down over summer

Thesc are very different; mostly small plants;
orchids, sundews (Drosera spp.), trigger plants
(Stylidium species) and small liliaceous species.
Although over 40 have becn rccorded, many are
rare and inconspicuocus. All are active only from
the perlod of the first effective ralns until the
upper layers of the soil dry out in early summer.
They toleratc fires well as they have usually
died down to the dormant subterranean stage
before the firc. As stated earlier, thiey benefit
particularly from autumn fires when the shrub
competition is most reduced. The common and
widespread specles, Burchardia umbellata,
flowers in unburnt bush, but flowers are more
abundant and more conspicuons in burnt arcas.
Haemodorum (2 species) produces tall robust
spikes (Fig. 3F) from deep, massive, well-
sheathed growing points, The trigger plant,
Stylidium carnossunm, and the orchid, Praso-
phyllum elatum, also produce tall spikes rarely
seen excopt after fire. Neither is comnon. Many
of the orchids flower better but not exclusively
after fires. This is true of the most common
species of orchids, Caladenia flava and Diuris
longifolia, and also of Eryngium pinnatifida
(Umbelliferae). The rosette Stylidium bruno-
nianum and S. piliferum deserve a speclal men-
tlon as they have no underground pcrennatlng
organs but survive both fire and summer drought
with the small dry leaves closed over the grow-
ing point. There 1s only one minor grass, Miero-
lacna stipoides, in the herbaceous rhizome geo-
phyte catcgory.

Annuals

Most of the park annuals appcar to be larger
and more floriferous after fires. Podothcca
chrysantha showed this markedly after several
late summer fires. The small umbelliferous
cpecies, Trachymcence pilosa and Homalosciadium
homalocarpum increase in abundance, although
always present, but Calandrinia corrigioloides
and C. liniflora are rarely seen except after fires
when the former particularly is extremely
abundant. The occurrcnce of all of these annuals
is uneven at any time and no doubt their
presence and abundance in any particular placc
after fire is related ts the amount of sced in
the ground. A firc occurring before annuals had
sel seed could be detrimental. The only spec-
tacular truc ‘fircweed’ among the annuals is
Stipa compressa. This species, flowering in
Octcber and striking with its long golden awns.
is nornmially abundant and widespread in thc first
year after a fire and completely absent the fol-
lowing year, although there has been little
change in the habitat, and there must be seed in
the ground as the grass appears again in abund-
ance after another fire.

Introduced speeies
Veld grass

The tremendous spread and increase of veld
grass(Ehrharta calycina) over the past 20-30
vears has been reasonably well documented. Its
increase after fires has been noted repeatedly.
A photographic record of a first appearance
after a fire 1s shown in Figure 10. Scveral of
the permanent quadrats were put down either
before or shortly after veld grass invaded them
and show its history In eaclhh quadrat. Increase
after fire is shown in quadrat A3 (Appendix 1,
Fig. 13). In all quadrats very numerous scedlings
were noted after fires although sometimes old
moribund clumps were killed. These quadrat
samples are small and lately near widening road
verges. All remaining plots have been for many
years overgrown with veld grass.

The relation to fire is partly an indirect one,
since the edges of annually ploughcd firebreaks
provide a partlcularly favourable habitat for the
establishment of veld grass. The spread along
and into the bush from firebreaks was shown
in an cxtensive survey by Watson and Mcagher
in 1949. A re-survey by them of part of the arca
8 years later confinined the relation to ﬁrebreal;s
and showed a further spread and increase 1n
density of the grass. However, another section
remapped in 1961, and which had becn free from:
fire since 5 years before the carller mapping,
showed a very significant decrease in contrast
to an adjacent portion which had been burnt
and showed an Ilncrease. In one quadrat, un-
burnt for 15 vcars, there had been a gradual
dcerease from 115 clumps to 6 clumps in the

Filgure 9.—Examples of shrub regrowth. A, B, F, G In the first year. C. D, E after several years. A.—Pctrophile
macrostachya—regrowth in March after a Deeember burn. B.—Leueopagan propinguus regrowth 6 months after
a July burn. C.—Unburnt Pimelea a speeies whieh regenerates weakly and ls tending to disappear. D.—Cono-
spermum triplinervium. Young plants which grew from sced after a fire which kilied the parents, ﬂqwerh}g
for the first time in thelr seventh year. E.—An unburnt Petrophile macrostachyae In flower. F.—Stirlingia

latifolia 6 months after a December burn, in bud on short regrowth.

months after a March burn

G.—Scacpola canescens regrowth 6
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36 m* On thc wecstern edgce of the park, where
Banksia-Casuarina canopy was dense, there was
negligible penctration of the veld grass into un-
burnt bush, in spitc of its occurrence along the
cleared boundary. In a different site, wherc
shrub undergrowthh was dense but tree canopy
poor, as a rcsult of scvere but infrequent fires,
there was also very little veld grass. These

&.Jl

Flgure 10.—Veld grass. A.—Veld grass well established
having spread after fire In 1958 from the firebreak
In the foreground, November 1960. B & C.—The
same site: B In Oetober 1956 with dense shrub
eover and C In Oetober 1960 after a fire In Janu-
ary 1958 In whieh one of the 4 marrl trunks was
burnt through and fell (lying across right of photo-
graph); veld grass established and flowering; marrl
cobDhlee from base of trees.

examples and other gcneral observations show
that undisturbed dense bush can resist the
advance of veld grass and cven suppress it. As
a contrast, in a scction of University land burnt
almost annually from 1950, veld grass spréad
from a clearcd section and by 1960 most of the
site was becoming a veld grass savannah wood-
land. In general, veld grass has Increased
more rapidly In the open Tuart wood-
lands than in the dense Jarrah-Banksia-Casu-
arlna cominunities.

Olher introduced spccics

Introduced bulbs, e.g. Gladiolus and Capc
Tulip, so much morc massive than the native
herbaceous geophytes and with enormously
greater seed production, have also been sprcad-
ing through the park in recent years, partlcu-
larly in areas burnt or mown, and arc likely
to constitute anothcr hazard for the Indigenous
vegetatlon. Flgurc 3A-C shows how much bare
sand is openl to colonisation by weceds after a
summer fire.

It should be mentioned that there are annual
weeds which have been long established through-
out the bush, ¢.z. Ursinea anthemoidess, Helio-
phila  pusille, Kohirauchia prolifera, Briza
mazima and some other grasses and medics. In
the poor sandy scil these plants remain very
small and constitute no threat to the indigenous
vegetation. There ls often a temporary increasc
In size after fire but the cffect is not lasting.
In disturbed areas numerous speeies of weeds
are flourlshing.

In the south west corner of the park therc
has becen a gradual spread, a short distance into
the bush, of Agonis flezuosa from trecs planted
along a read near the beginning of the century.
This is a species native to the Perth coastal
plain, though not naturally present in this arca,
Fires may have aided this sprcad but no records
have been kept.

Discussion

It has been shown that fcw plants are killed
by fire. In the Jarrah-Banksia-Casuarina wood-
land none of the persistent monccotyledons arc
fire-sensitlve and only 8 of the 90 spccies of the
dicotyledon trees, shrubs and undershrubs. When
the woody speccics more or less confined to the
Tuart and limestone sites are inctuded, another
8 fire-sensitive shrubs can bc added. Fire-
censitive shrubs are marked (F) in the species
llst (Appendix 2).

A striking featurc is the speed of the recovery
of the undergrowth. The rapid growth of long,
sturdy multiple shoots of the sprouting shrubs
contrasts with the relatively small annual growth
increments in unburnt bush. In the early stages
of regrowth after fire the still intact deep and
extenslive root systems arc supplying small
shoots, and the greatly reduced total transpira-
tion of the vegetation means more water
remaining In the soil. Thus growth of the new
sheots can be faster and contlnuc longcer Into the
summer than growth of the same specles in
unburnt bush. This advantage applics only to
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the deep rooted plants. For shaliow rooted
speeies eonditions on burnt areas are niwore
severe in early summer because of carlier drying
out of the exposed surface soil.

The rapid growth of shoots from old root
systems is in eontrast with the very slow growth
of seedlings of the same species. In some sites
observed, seedlings of Phyllanthus, Bossiaed,
Daviesia nudiflora, Ozylobium were mostly only
10 cm or less in the first year, and a few up to
30 em but most less than 20em in the seeond
year. The tap roots were very mueh longer than
the shoots and most seedlings showed a corky
thickening in the surface layer of soii. The
very small top no doubt enables the plant to
survive the summer until the root is well estab-
tished. Under favourable eonditions, as under
cultivation, growth is very mueh faster.

These observations eonfirm tile adaptation to
fire of this vegetation and both its inherent
stability and its vulnerability to disturbance.

The stability Is shown in the periodic rejuven-
ation and long survival of individual plants
through repeated fires; the abundant renewal
from seed of some of the fire-sensitive speeies
and in the resistanee of healthy undisturbed
bush to aliens. The fact that most speeies in the
undergrowtin are long lived, slow growing but
sprouting vigorously from ground level after fire
makes for a stable population with the same
major speeies oeeupying the same sites. The
relativeiy few perenniai spceies killed, but
regenerating freely from seed after fire, show
much more variable and fiuctuating populations
as seeds and secedlings are more susceptibie to
hazards of weather and to destruetion by inseets.

The vulnerability is exhibited in the general
deterioration of the bush, the deformed and
stagheaded trees, the reduetion of many of the
attraetive speeies, and the over-running of the
area by veld grass and to a lesser extent by
other allens. Too frequent and too severe fires
are undoubtedly contributing but not the only
factors responsible. It seems elear that the effect
of introduction of a perennnial grass such as
Ehrharta ealycina has been to change the whole
cyele of regeneration after fires. Herbaceous
speeies with extensive root systems are more or
less laeking in the undisturbed bush; annuals
are small and short-lived and are dried off
before any severe water stress for perennials;
herbaeeous geophytes are smali and non-aggres-
sive. Both eategories probably contribute a little
easily deeomposed organie matter to the surfaee
layers of soil but arc neither large enough nor
numerous enough to offer any serious eompeti-
tion even to the seedlings of woody shrubs and
certainly not to the aduit plants. It is very
different with Ehrharte which so thoroughly
exploits the soil with roots whieh penctrate
deeply as weli as ramifying through the upper
levels.

Although mature shrubs bhave persisted in
dense veid grass and have even bheen able to

suppress it, survival of seedlings is 1nuel_1 more
difficult. There is some evidence for this sug-

gestion from permanent quadrats (see Appendix
1). For example, in H3 (Fig. 12) after the fire in
summer 1936-37, there were very numerous
seedlings of the fire-sensitive Gompholobium and
Acacia pulehella, also several of the regenerating
Hovea and Heliehrysum cordatum. None of these
have been reeorded since the quadrat has been
covered with veld grass. In A3 (Pig. 13), in 1947,
a group of young Daviesia nudifiora plants
establisiied from seedlings after fire in 1944 were
redueed in 1951 to a single plant which had gonc
by 1954, Veld grass was well established before
1351. Seedlings of Davicsia nudifiora have not
been recorded in this quadrat since. Angther
quadrat free of veld grass had, until 1954, num-
erous young plants, many originating after a fire
in 1942; unfortunately, it was destroyed in 1954
soon after the first entrance of veld grass.

No reeords have hbeen kept of numbers of
annuals but general observation is of reduetion
where veld grass is dense. However, annuals are
suppressed also by the native shrubs and are
only abundant after fire and in more or less
opeén spaces.

Deliberate use of fire

Receords of regeneration after fires in different
seasons and at different intervals give some
guidanee to possible manigement by controlied
burning.

Given a healthy stand without veld grass or
South Afriean bulbs, a good tree eanopy with
predominantly herbaecous undergrowth eould
be maintained by frequent mild autumn burns.
perhaps every 4 or 5 years. Towards the end of
the dry season herbacecus geophytes are dormn-
ant with their perennating parts fully mature,
annuals are dead with seeds dry and hard. A
light autumn burn provides a good seed bed,
with inereas¢d minerals and increased spaees
free from smothering shrubs and leaf litter, so
that eonditions are ideal when the rains start.

On the other hand, the common flowering
shrubs such as Hibbertia, Davicsia, Ozxylobium
and Hypocalymnma may be eneouraged by spring
or early summer burns which give them a good
start before the next winter rains bring up the
herbs whieh then have to faee strong eompeti-
tion from the shrubs. Seeding of the previous
season’'s annuals may have been prevented by
early fire. As mcontioned earlier many of the
sprouting shrubs require periodic burning to
keep them in healthy flowering condition.
Periodic burning also maintains young and
vigorous colonies of the freely seeding fire-
sensitive species, Acacia pulchclla, Gompho-
lobium tomentosum and Pimclea rosea but for
these it is essential that enough time elapses
between fires for the new plants to produce
seed. Stands burnt at intervals of about 8-10
years have maintained good shrub eover. Shorter
intervals favour some speeies, longer others. For
sueeessful establishment of trees and long lived
shrubs, it is probably the intensity of the fire
whieh determines the age neeessary for survival,
eertainiy many small saplings have been killed
in summer fires; another argument for mild
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contro! burns. Figure 11A-B econtrasts the dam-
age resulting from a suceessful control burn
and a severe wildfire.

Where Banksia-Casuarina ecanopy is dense,
complete or long term proteetion of some small
areas would preserve some of the more vulner-
able species and produce a type of woodland in
which the shrub layer is suppressed so that the

space between ground and trec eanopy is more
open.

. S L
Flgure ll.—Contrastlng results of control burning and
wildflre. A—NlIne months after a suecessful control

burn: young trees undamaged. good shrub cover
re-establlshed. B.—Eighteen months after a wlldfire

—— s

In January 1973; no recovery of tops of trees;
Casuarina trunks clothed In cplcormics; Stirlingia
flowering 1n both photographs. C.—Early stagc of
cplcormlc growth on Casuarina trunk; another tree
scarred by a previous flre with growth at the edge
of the old wound showlng.

By burning small areas at a time, stands of
the above types in different stages of regenera-
tion could be malntained to give a pleasing
variety as well as some protection against wild
fires. Unfortunately the present eondition of
poor trees and veld grass through most of the
undergrowth makes the position mueh more
difficult. Nevertheless, the known faets of the
effects of fire allow some measure of control
at least in the areas less badly infested with
weed speeies.

Further rescarch

There is a big field of researeh in understand-
ing the differing responses of different speeies
to burning. In other parts of the world, e.g. the
Californian chaparral (as well as Australla)
abundanece of particular speecles after fires has
been related to different eauses, some inherent
in the morphology of plant or seed, others res-
ponse to the ehanged environment. Some
indieations whieh ecould be followed up in speeies
from King's Park are glven.

Speeies of Daviesia and Stirlingia latifolia
grow and flower after fire as do plants in the
undisturbed bush ecut to ground level. The
pruning ecffeet of fire seems to be the main
influenee here as the habitat is unchanged.
Fasciated shoots have been found on fire
regrowth, moest eommonly In the legumes,
Daviesia spp., and Jacksonia spp. Is this a res-
ponse to wounding or to unbalanced nutrition?
With Persoonia saceata the particularly strong
regrowth is understandable as it has the most
massive lighotuber of any shrub speeies in the
park. The regrowth apparently flowers only
when it has reached a certain size level or
maturity irrespeetive of season. If unburnt, it
flowers onty in December. It is apparently
indifferent to day length and temperature. By
contrast Stirlingia latifolia flowers in September
whenever it is burnt, although the vegetative
shoots are very muech taller where the interval
between fire and flowering is longer. This does
suggest a day length control. Why doesn't it
flower unburnt? Kennedia prosirata, both re-
growth and seedlings, always grows bett,er_ on or
near ashbeds; extra potassium in the soil may
be a factor.

Among the monocotyledons very striking
flowcring of the Xanthorrhoea occurs in the
first year after a fire. Flowering Is very rare in
unhurnt bush, but does oeecur in gardens
receiving extra water and fertiliser. Similarly,
in the eyvead Meacrozamia, coning oceurs move
frequently in gardens.

Examples of 2 sedges with different responses
are Tetrariopsis octandrus whieh produces stiff
ereet flowering shoots very quickly after a burn;
thereafter the leaves eontinue to grow on with
no flowering until, in long-unburnt bush, mats
of long trailing leaves spread over the ground.
In Lepidosperma speeies, on the other hand, new
flowering stems are produeed from the base each
year, burnt or unburnt.
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How is it that the seed of Stipa compressa ecan
be in the ground through so mahy wet winters
without germinating and then grow so luxuri-
antty after a fire? The stand of Figure 3 had
not been burnt for 13 years. Seceds of other
species of Stipa in the arid inland survive
drought, and germinate following good rains.

The ecology and physiology of speeies in this
envi;'onmenp where fires are frequent offer scope
for interesting researeh. It is, however, impor-
tant that the normal growth habits, which are
very varied, and responses to differing annual
weather patterns, are known before detalled
study is undertaken on responses to fire.

Acknowlcdgments—Acknowledgimnents are dlfficult as
so many workers have been Interested in King's Park
for many years and have talked with me about it.
Quantitative work was initinted by Dr, J. 1, Ammstrong in
1936 as student exercises and has been continued since
by successive generations of students and staff. A

conslderable body of infermation has been bullt up
on the distribution and abundance of species. I have

used a few samples of old guadrats as related to fire
history and part of a student survey of tree damage
by fire.

Permission to work in the park, and helpful interest,
has been given by successive directors and superintend-
ents. I wish to thank Mr. J. E. Watson partlcularly,
for records of burning and of the invaslon of veld
grass In the park during his term of offiecc. I have
included repetition of notes on fires which I provided
for the paper by Main and Serventy ({(1957) already
referred to.

A species list has been in use in the Botany Depart-
ment of the Unlversity of Western Australia for many
years and from time to time lhas been updated with
the heip of the staff of the Western Austraiian Herb-
arium. Specimens from King's Park held in the Botany
Department, University of Western Australin, go back
as far as 1917.
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Figure 12.—Quadrat H3. FPirst mapped in 1936, burnt In November 1936, November 1944, grazed by cows in 1951,
burnt again In December 1860, and mown in 1966. First appearance of veld grass 1939 with large numbers of
scedlings after the 1944 fire and after grazing. In 1953 o!d plants were waning in vigour but werc abundant
again 2 years after the 1960 fire. The same plants of Daviesia nudifiora, D. juncea, Hibbertia hypericoidcs,
Hypocalymma robusta, and Mesomelaena have perslsied more or less unchanged for over 30 years. Therc has
been some loss in total shrub numbers. Seedlings of Acacia pulchella Gompholobium, Hovea and Helichry-
sum were abundant after the 1936 firc but surviving scedlings have been few slnee the veld grass overran the

quadrat,
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APPENDIX 1
Quadrats

Examples are given of a few of the chartings
of two of the long standing quadrats H3 (Fig.
12) and A3 (Fig 13), both in predominantly
Banksia-Casuarina woodland although there was
an old tuart stump in A3 (not in the strip
shown). The quadrats were 6 yards x 6 yards
(approx. 6 x 6m) but for simplicity only one
6 x 2m strip is reproduced. Shrubs and woody
monopcotyledons only were recorded of the native
species, but because of the interest of the invad-
ing veld grass that was recorded, the outlines
representing the basal area of the clump, not
the trailing folitage which spreads over most of
the quadrat in later stages of its invasion.

Symbols used for spccies in quadrat charts
A.p—Acacia pulchella; C.p.—Conostephium
pendulum: C.pr.—C. preissii; C.c.—Conostylis

candicans; C.s.—C. setigera;
juncea;, Dn—D. nudifiora;
revoluta;, G.t.—Gompholobium
Hel.—Hclichrysum cordatunt;

hypericoides; HH.—H. hucgelit; Hr,—H. racc-
mosa; Ho.—Hovea trisperma; Hyp.—Hypo-
calymma robusta; H.c—Hardenbergia comp-
toniana; J.g.—Jacksonia gracilis; K.p—
Kcennedia prostrata; L.p.—Leucopogon propin-
quus; Le—Lepidospcerma sp.; M.S.—Mcso-
mclaena stygia; O.c.—Ozxylobium capitatum;
P.c.—Phyllanthus calycinus; R.—Rcslio nitens;
S.c.—Scacvola canescens; S.p.—S. paludosa;
St.—Stirlingia latijolia; Syn.—Synaphaea poly-
morpha; Tri.—Trichoryne elatior; X.—Xan-
thorrhoca preissii; / / / / Ehrharta calycina (veld
grass), outline shows basal area of clump.

D.j—Daviesia
D.l.—Dianella
tomentosum;
H.h.—Hibbertia
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Figure 13.—Quadrat A3. Burnt in April 1939 and first mapped in August 2940, 1t was burnt again in April 1942,
November 1944, November 1954, December 1958, mown Deeember 1963. Three fires in close suecession then a

10 year intervail. Veld grass first appeared In 1945 and was well established by 1947.

The same plants of

Daviesia nudifiora, D, juncea, Hibbertia hypericoides, Leucopogon propinquus, Stirlingia latifolie, Scaevola

canescens,

Mesomeloena stygia have persisted throughout the period.
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APPENDIX 2 Haloragaceae

. et Glischrocaryon aurcum (Lindl.) Orchard.
King’s Park species list Haloragis pithyoides (Nees) Benth.

Species marked (L) are more or less confined Lablatac (Lamiaceac)
to soils with limestone underlying or outcrop- flemiandra pungens R. Br.
ping. Species marked (a) are annuals. (F)
denotes species which are killed by fire, all L/ Lauracage
others are capable of sprouting from burnt assytha reccmose Nees.
stems or roots. . Mimosaccac
Cycadacene ﬁf’“;l?;te‘-‘ryaf-‘lgﬁfd:- Cunn. ex G. Don.
Macrozamia riedlei {Gaud.) C. A. Gardn, A. heteroclita Melsn.
A, huegellii Benth.
DICOTYLEDONS F A. puichella R. Br.
Alzoaceac A. saligna (Labill.) H. Wendl.
Macarthuria australis Hueg. Paplllonaceac (Fabaceae)
Amarantsecene Bossoaea criocarpa Benth.

Davicsia divaricata Benth,

Ptilotus polystachyus (Gaud.) F. Muell. D. juncca Sm.

P. drummondii (Moq.) F. Muell, D. nudifiora Melsn
D. pectinata Lindl,
Casuarinaceae L Gompholobium aristatum Benth.
Casuarina frascriana Mlq. F G. tomento Labl
C. humiiis Otto & Dletr. ; UL s

Hardenbergia comptoniane Benth.
Chenopodiacene ﬁg’;gg t‘ri.zzcrr?la chngl.
is cune . ;
L Rhagodia beccata (Labiil.) Moq. Jackstfnia ,‘urcet;l:x‘;a( (%Jn?f?igc.
J. gracilis Melsn,

Composltae {Asteraceae) J. sternbergiane Hueg

a Angianthus humifusus (Lablll.) Benth. Hennedia prostrata R. Br.

a Athrirta pulverente (Lindl.) Drucc. Oxylobium capitatum Benth.
trelichrysum cordatum DC. L Templetonie retusa (Vent.) R. Br.
Lagenifera hucgelit Benth.

a Millotie tenuifolia Cass. Lobellaceae

L, Olearia azillaris (DC.) F, Muell. a Lobclia tenuior R. Br.

a Podospcrma angustifolium Labill.

a P. chrysanthum (Steetz) F. Mucll. Loranthaccace

a Podolepis nutans Steetz. L Amyema miquclii (Lehm. ex Miq.) Tiegh.

a Quinetia urvillei Cass. Nuytsia fioribunda (Lablll.) R.Br.
Senecto lautus Forst. £. ex Wlild.

a Waitzig citrina {Benth.) Steetz. Myoporiiceae

a W. suaveolcns (Benth.) Druce. L Ercmophila glabre (R.Br,) Ostf.

L Myoporum insulare R.Br.
Crassulaccae Nyrtehae
stenf. v
a Crassule colorata (Nees) O Agomes flexuosn. (Sprenk.) Schai:
Dilleniaceac Calytriz angulata Lindl.
Hibbertia huegelii (Endl) F. Muell, ¢. flavescens A. Cunn,
H. hypericoides (DC.) Benth. F C. fraseri A. Cunn,
H' racemosa (Endl ).Gllg L Calothamnus quadrifidus R.Br.
. . 3 g‘rcmlacat paucliﬂo'rLaI(Endl.) Druce.
ucalyptus calophylia R.Br.—Marri.
Droseraceac L E. gomphocephala D.C.—Tuart.
Drosera erythorrhiza Lndl. E. marginate Sm.—Jarrah.
D, glanduligera Lehm. Hfypocalymma robusta Endl.
D. mcnziesii . Br. Kunzea ericifolia Relchb.
D. stolonifera Endl. Enlclalcuca accrose Schau.
Hoserigheese M. huegcelii Endl,
Astroloma cilietum (Lindl.) Druce. _ Phytolaceaceac
A. macrocalyz Sond. Tersonia brevipes Moq.
A. pallidum R. Br.
Conpostephium pendulum Benth. Pittosporaceae
C. preissii Sond, L Sollya heterophyila Lindl.

L Lcucopogon perviflorus {Andr.) Lindl. .

L. propinquus R. Br. Polygalaceae

F L. racemuiosus DC. Comecesperma calymegae Lablil,
L C. confertum Labill.

. ; dix;.;uphcgbg;.ccac Portulacaceae
onotaris gran ore Endl. 5 . o .
Phyllanthus calyeinus Lablll, ‘: g.‘“?&?ﬁmgl ch:;lagloloidex F. Muell. ex Benth.
Ricinocarpus glaucus Endl. -
a Poranthera microphyila Brongn. Proteaccac
F Adenanthos cygnorum Dlels.
Geranlaceae Banksta atternuata R.Br.
Pelargonfum capitatum (L.) Alt, B. grandis Willd.
B. ilicifolia R.Br.
Goodeniaceac B. menziesii R.Br.
Dampiera lincaris R. Br. B. prionotes Lind). "
Lechenaultia floribunda Bentl. Conospcrmum stocchadis Endl.
Scaevolae cancscens Benth. LF C. triplincrvium R.Br.
S. holosericeea De Vrlese. Dryandra nivea R.Br.
LF S. nitida R. Br. D, sessilis (R.Br.) Druce.
S. paludosa R. Br. L F Grevillea crithmifolia R.Br.
L S. thesioides Benth. L G. thelemanniana Hueg.

21

-



Journal of the Royal Society of Western Australia, Vol. 60. Part 1

. 1977,

L G.

vestita (Eadl,) Meisn.

L F Hakea lissocarpha R.Br.

LF

LF

H. prostrata R.Br.

H. trifurcata (Sm.) R.Br.

Persoonia saccata R.Br.

Petrophile linearis R.Br.

P, macrostachya R.Br.

P. serruriae R.Br.

Stiriingia latifolic (R.Br.) Steud.
Synaphaca spinulosa (Burm. f.) Merrill.

Ranunculaceae
Clematis microphylla DC.

Rhamnaceae
Cryptandra arbutifiora Fenzi.

F Spyridium globulosum (Labiil.) Benth.

S. tridentatum (Steud.) Benth.
Trymalium ledijolium Fenzl.

Rublaceae
Opercularia vaginata Labill,

Rutaceae

Boronia ramosa (Lindl.) Benth.
Eriostemon spieatus A. Rich.

Solanaceae
Anthocercig littorea Labiil.

Stackhousiaceae
Stackhousia brunonis Beath.

Sapindaccae
Dodonaea hackettiana W. V. Fltzg.

Sterculiaceac
Thomasia cognata Steud.

Stylldiaccac

Styltdmm brunontanum Benth.
. calearatum R.Br.

earnosum Benth.

piliferum R.Br.

repcns R.Br.

schoenocides DC.

Thymelaeaceae
Pimnelea rosca R.Br.
P. sulphurca Melsn.
P. lcucantha Diels.

Umbellifcrae (Aplaceae)

Eryngium pinnatifidum Bunge.

Homaloseiadium homalocarpum
Elchler.

Trachymenc pilosa Sm.

Xanthosia huegelti (Benth.) Steud.

(F. Muell.)

Violaceae
Hybanthus calycinug (DC. ex Ging.) F. Muell.

MONOCOTYLEDONS

Ceuntrolepidacene
Centrolepis drummondii (Nees) Hieron.

Cyperaceae
Lepidosperma angustatum R.Br,
L. gladiatum Labliil.
L, rcsitnosum (Nees) Benth.
L. scabrum Necs.
Mesomcelacna stygia (R.Br.) Ncees.
Schocnus curwifolius (R.Br.) Benth.
S. grandifiorus (Nees) F. Muecll.
Scirpus antarcticus L.
S. arenartus Benth.
Tetrariopsis octandra (Nees) C. B. Clarke.

Hj.
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Gramineae (Poaceae)

Amphipogon turbinatus R.Br.
Danthonia semiannularis (Labill.) R.Br.
L Dichelachnte crinita Hook.
Microlaenag stipoides (Lablll) R.Br.
Ncurachne aglopccuroides R.Br.
Stipa compressa R.Br.
S. elegantissima Lablil.
S. hemipogon Benth.
S. vartabilis Hughes.

a
L

Haemodoraceae

Anigozanthos humilis Lindl,

A. manglesit D. Don.

Conostylis aculeata R.Br.

C. candicans Endl.

C. setigera R.Br.

Haemodorum paniculatum Lindl.
H. spicatum R.Br.

Phlebocarya ciliata R.BT.

Iridaceae

Orthrosanthus larxus (Endi.) Benth.
Patersonia occidentaiis R.Br.

Juncaceae
Luzula meridionalis Nord.

Lillaceae

Agrostocrinum scabrum (R.Br.) Ball.
Arnocrinum preissii Lehm.
Arthropodium preissit Endl,
Burchardta umbeliata R.Br.

Caesia parvifiora R.Br.

Corynotheca micrantha {Lindl.) Macbride.
Dianella revoluta R.Br.

Lazmannia squarrosa Lindl.
Sowerbaca lazificra Lindi.
Tricoryne eclatior R.Br.

Thysanotus arcnarius N.Br.

T. patersonii R.Br.

T. sparticus R.Br.

T. thyrsoidcus Baker.

T. triandrus (Lablill.) R.Br.

Orchidaceae
Caladernia deformis R.Br.
fiava R.Br.
hirta Lindli.
huegelii Relchb. f.
latifolia R.Br.
menzicsii R.Br.
reptans Lindl.
Calcana nigrita Lindl.
Diuris longijolia R.Br.
Eilythranthera brunonis (Endl.) A. S. Gceorge.
Leporcila fimbriata (Lindl.) A. S. George.
Lyperanthus migricans R.Br.
Prasophyllum elatum R.Br.
Pterostylis nana R.Br.
P. recurra Benth.
P. vittata Lindl.
Thelymitra fuscolutea R.Br.
T. nuda R.Br.
Microtis unifolia (Forst. {.) Relchb. f.

Restlonaceae

Lyginia barbata R.Br.

Lozxoearya fasciculata (R.Br.) Benth.
L. fletuosa (R.Br.) Benth.
Iypolaena exsulea R.Br.

Restio nitens Nees.

aoanna

Xanthorrhoeaceae
Acanthocarpus preisstt Lehm.
Calectusea eyanea R.Br.

Dasypogon bromeliacfoliug R.Br.
Lomandra caeapitosa (Benth.) Ewart.
L. cndlieheri (F. Muell.) Ewart.
L. micrantira (Lindl.) Ewart.
L. preissii (End{l.) Ewart.
L. suaveolens (Eudl.) Ewart.
L L. sp. {undescribed).
Xanthorrhoca preissit Endl.—Blackboy.



